This study presents the ore texture, mineralogy and whole rock geochemistry of iron occurrence from the Edea North area located at the upper limit of the Nyong Unit, part of the Congo craton. This iron mineralization is of magnetite quartzite type enclosed by metamorphic rocks of the granulite facies. Two main facies have been identified over the study area including the banded and the massive facies. The mineralogical set of these facies is in majority represented by magnetite, quartz and pyroxene martite in addition to minor biotite, apatite, and amphibole. Magnetite presents as irregular and elongated minerals which can contain quartz inclusions of various shapes and sizes, as blasts clustering, around pyroxenes and isolated xenomorphic magnetite minerals in the silicate phases. Quartz varies from fine to coarse-grained and ribbon quartz. This indicates re-crystallization and deformation during metamorphism. Electron microprobe analysis on magnetite and martite show Fe 2 O 3 contents that vary between 96.11 and 99.76. Whole rock chemical data showed that Fe-contents are as high as 62.9 wt%. The SiO 2 content varies between 33.8 wt% and 51.2 wt%. Iron oxides and SiO 2 are negatively correlated. Moreover, the low positive correlations between Al 2 O 3 and HFSE, and LILE suggest a contribution of clastic materials in the protolith of studied materials. The samples show low contents of V, Cr, Ba, Zr with respect to igneous rocks. This may infer a sedimentary origin for the studied rocks; furthermore, these materials may have undergone hydrothermal alteration. The REE patterns re- 
Introduction
Low iron commodity prices since January 2014 acted for low expenditure on iron exploration and dearth of discoveries of new iron deposits around the world. However, iron, being a raw material of steel, is a key issue for the growing global steel industry. Thus, despite the current low price of iron, the long-term trend for iron is positive. Classically, there are two types of Precambrian iron formations discriminated based on their depositional setting: 1) Algoma-type iron formations are in close proximity to ancient volcanic centers suggesting a sub-aqueous hydrothermal origin similar to modern day sea-floor spreading centers [1] ; 2) the Lake Superior-type BIFs are developed in passive-margin sedimentary rock successions and generally lack direct relationships with extrusive volcanic materials and are therefore interpreted as chemical precipitates of iron-rich waters in a shallow sea [2] . Recently, [3] have proposed the composition-based definition of Fe-formations as "siliceous and Fe-rich sedimentary chemical precipitates with low levels of detrital siliciclastic or volcaniclastic material (<1% Al 2 O 3 ) and greater than 10% total Fe, regardless of whether Fe is associated with a carbonate or oxide phase". This definition of Fe formation encompasses both granular and banded Fe formations as well as ferruginous cherts (e.g. distal hydrothermal jaspers). Moreover, the quality of iron ore is a key issue in the steel industry. The increasing global demand for iron, however, has made BIF-hosted low grade iron ore (Fe < 40 wt.%) important targets for exploration.
In addition to the increasing scarcity of economic hematite deposits worldwide lead magnetite to emerge as an important source of the world's iron.
Although Cameroun is not yet an iron producer, past works and particularly within the ongoing decade have led to the discovery in Precambrian greenstones terrain of south Cameroon, of several BIF-hosted iron deposits including Mbalam [4] [5] [6] [7] , Nkout [8] [9] , Bikoula (www.aluvance.com), Elom [10] , and Zambi deposits [11] and Kouambo deposit [12] . Most of these studies have used BIF to infer the origin and depositional environment of these iron formations.
Although the BIFs are less widely distributed than other lithologies (e.g., Archean TTG), they are an integral and unique part of the Ntem Complex which corresponds to the northern edge of the Congo craton [12] . However, BIF are not the only iron formation in this complex. Recent works by the "Compagnie Minière du Cameroun" (CMC) (see www.africaminerals.com) have evidenced magnetite gneisses with estimated reserves of 10 millions of tons in the Edéa North iron, within the Nyong unit which is part of the Archaean Ntem complex.
However, no scientific work on these formations is available in the literature.
The present work was conducted at the time of renewed interest in the iron ore potential of the Edéa North iron ore project. This article presents ore texture, mineralogy and whole rock geochemistry of the Edéa North iron occurrence with the aim at characterizing these iron-formations as well as to infer their enrichment processes.
Geological Setting
The Archean Ntem Complex greenstones belt is located within the northern margin of the Congo craton in Cameroon [13] West. This belt has been subdivided into three main units including the Ayna Unit, the Ntem Unit and the Nyong Unit respectively from the East to the West.
The Ntem complex was affected by two major periods of deformation. The first involves successive diapiric emplacements of the Mesoarchean charnockites (~2.900 Ma) and TTGs (~2830 Ma). It is marked by vertical foliation and lineation, stretching and isoclinal folds [18] . This episode of deformation was synchronous with a regional granulite-facies metamorphism [19] . This Archean event was followed, in the Paleoproterozoic, by a trans-current deformation phase marked by the development of N-S to NE-SW trending sinistral shear zones and partial melting of the TTG suite and the greenstone belt country rocks, with generation of a variety of granites [20] . Late syenitic plutons (~2.3 Ga) intruded the complex during this second tectonic episode [21] . The Eburnean metamorphism affected all the Archean and Paleoproterozoic formations and was dated at ~2.05 Ga [22] . The Edea North area is located at the upper limit of the Nyong Unit (Figure 1(a) ). This Unit is dominated by biotitehornblende gneisses, which locally appear as grey gneisses of TTG composition, orthopyroxene-garnet gneisses (charnockites), garnet amphibole-pyroxenites, and banded iron-formation [11] [13] [23] [24] . This Unit is of Mesoarchaen to Palaeoproterozoic [23] , and belongs to the West Central African Belt (WCAB) [25] [26] . The study site is composed of the charnockitic suit rocks, orthogneisses, mylonites and magnetite gneisses (Figure 1(b) ).
Sampling and Analytical Methods
A total of 8 iron mineralization sample were selected on the base of their massive appearance and magnetic properties and prepared for microscopic petrography and geochemical analyses. Polished thin sections were prepared at the "Laboratoire and dissolve in nitric acid (HNO 3 ). Loss on ignition (LOI) was determined by firing the powder at 1000˚C and calculating the weight difference before and after the firing. In order to maintain the data quality, various standards and unknowns were run between the analyses.
Results

Textures and Ore Mineralogy
Hand specimens of iron mineralization samples from the Edea North were di- 
Mineral and Whole Rock Geochemistry
Electron microprobe analysis revealed that Fe 2 O 3(T) contents range from 97.12% to 99.76% and between 96.11% and 97% respectively on magnetite and martite ( 
Discussion
Mineralogical Association and Nature of the Edea North Iron Occurrence
Petrographic examination of the studied samples shows the following mineral assemblage: Magnetite + Quartz + Pyroxene ± Biotite ± Martite ± Amphibole.
This mineralogy is characteristic of iron formations that have undergone metamorphism in the granulite facies [29] . Quartz and magnetite-martite identified in the samples is consistent with the geochemistry that shows Fe 2 O 3 contents from 40.4 wt% to 62.9 wt% and SiO 2 contents between 33.8 wt% and 51.2 wt%. Based on the physical appearance and the chemical composition of the studied rocks, the name quartzite rich magnetite-martite has been proposed for this iron formation. [31] ternary diagrams, studied materials indicates a Precambrian affinity (Figure 8 ).
Textural Characterization of Magnetite
In the studied iron formations, magnetite presents irregular and elongated minerals which can contain quartz inclusions of various shapes and sizes. In addition to this textural observation, magnetite is deformed and may derive from chemical precipitations thus indicating a primary crystallization of magnetite [32] . The second magnetite texture is in the form of blasts clustering, around pyroxenes. It suggests a secondary crystallization resulting from the probable transformation of pyroxenes. Finally, xenomorphic magnetite crystals isolated in the silicate phases, which suggest the precipitation of magnetite during the formation of this occurrence. On the other hand, the relationships between magnetite and martite suggest the transformation of the first into the second during supergene enrichment. Overall, the following mineral transformation is suggested here: pyroxene-magnetite-martite.
Contribution of Detrital Materials
The participation of the detrital materials during the formation of iron minera- Table 2 .
High SiO 2 and Fe 2 O 3 contents indicate chemical precipitation. In addition, [34] estimates that a typical chemical sediment is enriched in Mn and Fe, but the ad- could also indicate a contribution of clastic materials during the deposition of these formations. The Th/U ratios in these samples range from 1.27 to 6.28, except for EDN17 where it is higher (29.25) . This observation suggests a strong or moderate contamination by phosphates.
Origin and Enrichment Processes of the Edea North Iron Occurrence
Various methods have been used to establish the difference between hydrothermal, biogenic, detrital and seawater sources based on mineralogical, chemical and geochronological differences in the formation of iron deposits [6] Figure 9 ). In the Fe-Mn-Al ternary diagram [38] the hydrothermal in origin is confirmed ( Figure 10 ). The studied samples plot in the same area as those from the Bikoula BIFs of the Ntem complex [36] . This observation could indicate that
Si and Fe of the studied deposits derived directly from a hydrothermal source.
Similarly, in the Fe/Ti vs Al/(Al + Fe + Mn) diagram [37] a high affinity of the samples from the studied site with the hydrothermal domain is highlighted ( Figure 11 ). This suggests an important contribution (in the volume) of the components of hydrothermal origin during the deposition of studied formations. Samples plot close to the field of modern metalliferous sediments indicating that some of the source components of the studied iron occurrence may have derived from sediments rich in highly hydrothermalized metals. Figure 9 . SiO 2 vs Al 2 O 3 discrimination diagram indicating the hydrothermal affinity of the Edea iron mineralization. Note the hydrothermal affinity of Edea north samples; Metzimevin magnetite gneisses after [7] and Bikoula BIF after [36] . Figure 10 . Ternary Fe-Mn-Al diagram indicating the hydrothermal affinity of the Edea North iron mineralization, Metzimevin magnetite gneisses (after [7] ) and Bikoula BIF southern Cameroon (after [31] ). ( Table 2 ). This content is similar to that of deposits in China [41] These negative anomalies suggest the influence of sea water into the system [51] .
Conclusion
The 
